Objective: To describe the cerebral haemodynamic changes that occur in patients presenting to the emergency department (ED) after synthetic cannabinoid (SC) use in order to clarify the pathophysiology of neurologic adverse effects of SCs. Methodology: Patients in whom tetrahydrocannabinol was detected in the urinalysis due to SC use were included in the study. Healthy controls were also included. All the participants were evaluated using transcranial Doppler ultrasonography (TCD). The peak systolic flow rate, mean flow rate, pulsatility index and resistivity index of the right and the left anterior carotid arteries, middle cerebral arteries and posterior cerebral arteries were measured. Results: A total of 74 patients were included in this study -38 patients in the SC group and 36 patients in the control group. The mean age of all of the subjects was 29.6 ±9.1 years, whereas, 91.9% of them were males. In the synthetic cannabinoids group, statistically significant decrease in the cerebral blood flow peak systolic and mean values as well as increases in the pulsatility index; and resistivity index were found via TCD when compared to the control group. Conclusion: Cerebral blood flow and resistance changes due to SC use are likely to play a role in the main pathogenesis of the neurological symptoms, increasing the frequency of ischemic or haemorrhagic strokes.
INTRODUCTION
Synthetic cannabinoid (SC), make-up a family of chemical compounds that are similar to delta-9tetrahydrocannabinol (THC), is an important public health problem. 1 There is little information about the structural and functional neurologic damage due to the fact that the use of SCs cannot be established clearly by the active substances when compared to narcotic drugs. 2 Case series and retrospective studies have shown that there are conflicting results regarding the pathophysiology of acute neurological complications but prospective control group studies are limited. 3, 4 Neurological involvement due to SC use has been reported in many studies, and whether this effect is due to active metabolites of SCs or changes in cerebral blood flow and cerebral blood flow changes have not been described in the literature.
Conventionally, no stroke relationships to the use of marijuana or SCs have been demonstrated; however, cases of ischemic or haemorrhagic strokes have been described in emergency services in case series in the literature. 5, 6 Unfortunately, the stroke pathophysiology has not been elucidated in these similar case series due to the limited number of prospective studies.
In limited studies, it has been suggested that changes in cerebral blood flow may be the cause of neurologic changes due to SC use. 7 Transcranial Doppler (TCD) ultrasonography (USG) is the most commonly used imaging modality for detecting abnormal haemodynamic changes in cerebral arteries. TCD USG is widely used in the determination of stroke risks in different patient groups. In addition, it can be used effectively in vasospasm monitoring, such as in cases of subarachnoid haemorrhages, the detection of intracranial stenoocclusive diseases and cerebral thrombosis monitoring. 8 
METHODOLOGY
This observational study was carried out from June 2017 to January 2018 at Emergency Department (ED), Kocaeli Derince Training and Research Hospital, Turkey as a single centre. This study included patients presenting with adverse symptoms due to SC use. Approval for this study was obtained from the local Ethics Committee (KU GOKAEK, 2016/317). It was conducted in accordance with the principles of the World Helsinki Declaration and Guidelines for Good Clinical Practice. All of the participants were informed before being included in the study, and consents were obtained from all the participants or their relatives.
Patients over the age of 18 years, who were admitted to ED with clinical signs and symptoms related to SC, who were suspected of SC use with regard to the medical history and physical examination findings, and those with SCs detected in their urinalyses were included. The exclusion criteria were patients under 18 years of age, with no THC detected in their urinalyses, who used other substances including ethanol detected in their blood analyses, unstable patients at the time of presentation, known malignant central nervous system neoplasms, patients with histories of ischemic or haemorrhagic cerebrovascular diseases or infections, trauma, patients with closed temporal windows for TCD USG measurements, and patients who did not give their consent to participate. The control group who were over 18 years of age and healthy with exclusion criteria, no history of previous substance abuse or alcohol use or smoking or tobacco consumption, and provided consent to participate were included.
All patients included in this study were evaluated by the emergency medicine specialist in the ED. The demographic data, substance use history, presence of additional trauma and complaints at presentation were recorded. The detailed neurological examination findings, Glasgow Coma Scale (GCS) scores, and vital signs were evaluated in all of the patients, and a 12-channel electrocardiogram (ECG) was performed. Those patients suspected of using SCs based on their medical histories and physical examinations underwent urine screenings.
Before the treatment with foley catheter for urine analysis. 5cc urine was collected from the patients with a history of SC use. The SC urine analyses were conducted using SC1,SC2,SC3 kits. (K1 (Synthetic Cannabinoids-1) urine enzyme immunoassay kit (LUCIO-Drug EIA SPICE (UR-144/XLR-11) Ctalogue number: 320-00342EX), K2 (Synthetic Cannabinoids-2) urine enzyme immunoassay kit (Immunalysis Corporation, Pomona, CA, USA; catalogue number: 346-0025EX) and Synthetic Cannabinoids-3 urine enzyme immunoassay kit (Immuno-analysis Corporation, USA; catalogue number: 350-0025EX)). A total of 67 synthetic subunits (especially the JWH subgroups) were used in all kits. All of the patients in both groups underwent complete blood count, blood chemistry panel (glucose, sodium, potassium, urea, creatinine, alanine transaminase and aspartate transaminase) (ARCHITECT c16000, Abbott, Germany; catalogue number: 306941/R05-306954/R04), arterial blood gas and cardiac troponin I analyses (Siemens ADVIA Centaur CP immunoassay system, USA; Reference Number: 02790309).
After undergoing a bedside TCD USG examination, each patient was provided with symptomatic treatment according to his or her clinical situation. After treatment, all of the clinical outcomes, such as hospitalisation, intensive care and discharge, were recorded.
All of the TCD USG examinations were performed while the patient was laying on a bed in the supine position by a single interventional neurologist with 10 years of experience using a TCD USG device (MDT-2036; DWL, Germany). The TCD USG examination was performed using a 2 MHz frequency ultrasound probe. The measurements were taken from the temporal window when the participants were in a supine position. The peak systolic flow rate, mean flow rate, pulsatility index (PI) and resistivity index (RI) of the right and the left anterior carotid arteries (ACAs), middle cerebral arteries (MCAs) and posterior cerebral arteries (PCAs) were measured from the temporal window before the treatment (Figure 1 ). 9 The data were evaluated using IBM SPSS Statistics for Windows (Version 21.0; IBM Corp., Armonk, NY, USA). The sociodemographic and clinical characteristics of the patients were given as the mean ± standard deviation, 95% confidence interval (CI) and percentage. Normal or abnormal distribution of values was tested by means of the Kolmogorov-Smirnov test, and the values for asymmetry and kurtosis between -2 and +2 were considered acceptable to prove normal distribution. 10 Student's t-test was used for the comparison of the continuous variables, and the Chi-square test was used for the comparison of the intermittent variables. When appropriate, the 95% CIs were also calculated, and a p-value of less than 0.05 was considered to be statistically significant. (29.7%) of these patients were not included in the study because they did not qualify for inclusion. In total, 38 (70.3%) patients who used SCs were included in this study. Thirty-six volunteers were included in the control group, with a total of 74 participants included in the study. The mean age of all of the participants was 29.6 (±9. The mean patient GCS score upon admission was 14.6 (min: 6, max: 15). According to the ECG results, sinus tachycardia (n=24, 63.1%) was the most common finding in the patients using SCs. The basal laboratory findings of the whole study group are shown in Table II .
RESULTS
In the synthetic cannabinoids group, statistically significant decreases in the cerebral blood flow peak systolic and mean average values, as well as increases in the pulsatility index and resistivity index were found when compared to the control group. The TCD USG findings in the study group are summarised in Table III. The mean follow-up duration of the SC patients in the ED was 312.6 (±107.2) minutes. When the final status of the SC patients were examined, it was observed that 29 patients (76.3%) were discharged from the ED, 4 patients (10.5%) were admitted to the inpatient wards and 5 patients (13.1%) were admitted to the intensive care unit.
DISCUSSION
Although SCs were first synthesised 20 years ago for medical purposes, their use has been increasing within different subgroups. They constitute an important public health issue. Cannabis affects almost every system of the body, particularly the central nervous system, cardiovascular, respiratuary and immune systems. 11
Central nervous system findings and related symptoms have been reported predominantly in case-control series, but the level of evidence is limited due to the small size of the prospective studies. In this study, the cerebral blood flow changes due to SC use, which is increasing in prevalence (especially in the younger population), were examined. Our results showed statistically significant decreases in the cerebral blood flow peak systolic and mean values when compared to the control group, as well as increases in the PI and RI values. These changes caused intracranial vasospasms related to distal vasospasms.
There are a wide range of acute physiological intoxication symptoms related to SC use. The most common symptoms were palpitations, agitation, dizziness, nausea, vomiting and central nervous system symptoms, respectively. 12 Neurological and cardio-vascular side effects observed after cannabinoid poisoning generally respond to conventional supportive care, but severe outcomes may occur in a minority of cases, mainly observed with SCs. 13 Orthostatic hypotension, followed by syncope when standing up, has been reported as the most common finding in marijuana users. Similarly, tachycardia, hypotension, dizziness and syncope were the most common findings in this study. When hypotension and tachycardia develop, cerebral arteries expand to maintain cerebral blood flow. Dizziness, followed by syncope, occurs when autoregulation mechanisms prove to be insufficient.
In the animal experimental study, conducted by Graham et al. 14 , after the injection of cannabinoid extracts, the blood pressure and respiratory rate decreased in a similar way, and it was suggested that the haemodynamic changes occurred to decrease the cerebral blood flow.
Although many conventional imaging modalities can be used to detect changes in the cerebral blood flow, TCD USG, which was first used in 1982 but currently has become widely used, enables an evaluation of the haemodynamic parameters at the bedside, such as the flow rate of the intracranial arteries in unstable patients, both noninvasively and without radiation. Moreover, cerebral autoregulation and vasoconstriction, partial obstruction and/or vasodilatation can be seen as a result of the changes in the blood flow rate in the large intracranial vessels as detected by TCD USG. In this study, the cerebral blood flow peak and mean flow rates decreased when compared to the control group in both the right and left ACAs, MCA and PCA, while the PI and RI values increased. Reductions in the blood flow rate and mean values lead to the dilatation of the arteries. Previous studies have shown increased intracranial pressure and decreased cerebral perfusion pressure leading to characteristic changes in TCD waveformsdecrease in diastolic velocity and increased in PI. 15 Thus, the changes in the cerebral resistance of small cortical blood vessels, the blood flow rate values recorded in large arteries, and the increases in the PI measurements show increases in the cerebral resistance in smaller veins away from the recording region. These changes can be associated with neurological symptoms in patients using SCs.
Regardless of the cause, the discontinuation of the cerebral blood flow results in a decrease in brain nutrition leading to ischemic cell death. 16 In most stroke cases, the reduction in the cerebral blood flow is temporary, and the cell death does not occur immediately. There are several features of the endocannabinoid signalling system (ECS) that support its hypothesised involvement during ischemic injury. First, endocannabinoids and related lipids accumulate in ischemic tissues and support the hypothesis that the ECS is activated during ischemia. Second, the accumulated endocannabinoids support the general role of the ECS in the maintenance of metabolic homeostasis, and they support the sensitivity of the brain against stress. 17 The CB1 cannabinoid receptor is found in the cerebral vascular bed, and its activation has been shown to cause vasodilatation. 18 Importantly, this suggests that the activation of cerebrovascular CB1 receptors leads to a loss of autoregulation and exacerbates the effects of ischemia. 19 There are many case studies indicating that SC use is associated with ischemic or haemorrhagic strokes, which support this thesis. 20, 21 In a study by Wolf et al., 22 it was emphasised that the use of SCs may be a potential triggering factor for tertiary intracranial vasoconstriction, a pathology manifested by cerebral infarcts in up to 39% of the cases. As a result, vasoconstriction can be a mechanism that causes neuronal death through ischemia, with a significant reduction in the cerebral blood flow in the related regions.
The fact is that this study was single-centred and the regional factors limited the projection of the results to the general population. The consumption of a subgroup that was possibly not studied in the laboratory analysis, despite the presence of a history of SC use in some of the patients, and the exclusion of patients who consumed additional substances or ethanol, limited the number of cases. PCO2 levels were significantly higher in the SC group than in the volunteer group. The elevation of PCO2 may cause a decrease in cerebral blood flow. The authors think that the failure to differentiate changes in cerebral blood flow due to SC or PCO2 elevation may be a limitation. Finally, TCD USG is user-dependent, and the fact that this was not controlled by other clinicians, may also be a limitation.
CONCLUSION
The results of this study showed that the symptoms of SC toxicity are variable, and they include a range of physical and psychological issues that may lead to serious complications. The cerebral blood flow and resistance changes due to SC use play roles in the main pathogenesis of the neurological symptoms, increasing the incidence of ischemic or haemorrhagic strokes, especially with chronic use. Due to the variable symptoms of SC toxicity, clinicians working in emergency services should consider SC toxicity when evaluating young adult patients presenting with unexplained agitation or neurological symptoms.
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